Changes in vaginal epithelium are known to occur during the normal oestrous or menstrual cycle and in ovariectomised animals in response to various hormones. However, vaginal changes due to exogenous gonadotrophins superimposed on the normal hormonal milieu as occurs in in vitro fertilisation programmes have not previously been demonstrated. Female rats were hyperstimulated with follicle stimulating hormone and human chorionic gonadotrophin prior to mating. Control mated animals were not injected. Vaginal tissue was collected at 4n5, 5n5 and 6n5 d after mating. Tissue was processed for light microscopy. Hyperstimulation by the exogenous gonadotrophins caused mucification, a decrease in the number of epithelial layers and an increase in the thickness of the epithelium on d 4n5 of pregnancy. The mitotic index of the epithelial cells was depressed in the hyperstimulated rats with respect to control animals. Exposure to high levels of oestradiol and an altered progesterone : oestradiol ratio appear to have caused the changes in the vaginal epithelium.
Studies have been performed on a rat model to parallel the human in vitro fertilisation programme. Although the rat reproductive cycle is somewhat different from that of the human, the early stages of implantation are similar in the 2 species. Cyclical changes in the morphology of vaginal epithelium during the oestrus and menstrual cycles are well documented. Studies have shown alternating patterns of keratinisation and mucification during the oestrogenic (follicular) and progestational (luteal) phases of the cycle (Long & Evans, 1922 ; Hartman, 1932) and investigators have been able to reproduce the same phases of the cycle artificially in ovariectomised animals by the use of oestradiol (Barker & Walker, 1966 ; Eddy & Walker, 1969 ; Forsberg, 1973) , progesterone (Parakkal, 1973) or oestradiol and progesterone combined (Parakkal & Gregoire, 1972 ; Parakkal, 1973) . Oestrogen has the ability to initiate cell division, cause proliferation and eventually keratinisation of the epithelium (Biggers & Claringbold, 1955 ; Barker & Walker, 1966) . The major features associated with progesterone treatment are the presence of mucous droplets in the surface cells and decreased intercellular spaces (Holderegger, 1980) . According to Long & Evans (1922) no changes occur in the cell content of the vaginal smear during pregnancy and sections of the vagina taken at various times during pregnancy never show a stratum corneum and the ' high, stratified squamous epithelium which always goes with the possession of a cornified layer '. It was thus of concern to us to notice marked changes in the histology of the vagina of pregnant rats which were part of an experiment documenting changes in the female genital tract due to superovulation (hyperstimulation) with exogenous follicle stimulating hormone (FSH) and human chorionic gonadotrophin (hCG). Various deleterious changes have been shown to occur in the uterus of the rat as a result of hyperstimulation with these hormones (see e.g. Stein & Kramer, 1989 ; Kramer et al. 1993 ; Kramer & de Wet, 1994 ; Kramer, 1997) .
The aim of this report is to document the effect of exogenous gonadotrophins on the vagina of pregnant rats around the time of implantation.
  
Adult virgin female Sprague-Dawley rats were subjected to a constant cycle of 12 h of light and 12 h of darkness and maintained at a constant temperature of 22 mC in the Central Animal Unit of the University of the Witwatersrand. Daily vaginal smears of the rats were taken to establish the oestrous cycle of each animal. After 3 successive normal oestrous cycles, the animals were divided into 2 groups.
Experimental group (n l 17). Each animal in this group received an intraperitoneal injection of 20 IU of follicle stimulating hormone (Folligon, Intervet, Johannesburg) at midday of mid-dioestrus. A further intraperitoneal injection of 20 IU of human chorionic gonadotrophin (Pregnyl, Organon, The Netherlands) was given at midday of late dioestrus, i.e. 24 h later. Doses of 20 IU units of FSH and hCG were used as these were found to be optimal for hyperstimulation (Stein et al. 1993) . The rats were then mated with proven fertile male rats at prooestrus.
Control group (n l 17). The rats in this group were not injected. They were mated with proven fertile males at prooestrus.
Mating was established by the presence of sperm in the vaginal smears. The day of mating was termed d 0n5 of pregnancy. Daily vaginal smears were taken to confirm the continuance of pregnancy. The pregnancy smear was typified by the occurrence of scanty epithelial cells and leucocytes (Long & Evans, 1922) . Animals were anaesthetised with an overdose of Ketalar (Parke-Davis, RSA) and killed by cervical dislocation on d 4n5 (n l 10), 5n5 (day of implantation) (n l 12) or 6n5 (n l 12) of pregnancy. Twenty pregnant control and hyperstimulated animals were not killed but were allowed to continue until oestrus occurred or pups were delivered.
Radioimmunoassay (RIA) of serum oestradiol and progesterone from the same animals used in this study has been reported previously (Kramer et al. 1990 ). The ovarian morphology and the number of corpora lutea were assessed postmortem. The vaginas were fixed in Bouin's solution for 2 h, dehydrated through a graded series of alcohols and embedded in paraffin wax. Sections cut at 5 µm were stained with haematoxylin and eosin, the periodic acid-Schiff (PAS) technique, Alcian blue-PAS, diastase-PAS, Masson's trichrome or iron haematoxylin.
The number of epithelial layers, height of the epithelium, absence or presence of keratin, absence or presence of polymorphonuclear leucocytes in the epithelium and stroma, mucification of epithelial cells and mitotic index of the epithelium (number of mitotic cells per 1000 cells) was determined. The height of the epithelium was measured on a Kontron image analysis system (Videoplan). Tissue measurements were carried out on 5 random fields from 6 nonconsecutive sections per animal. Care was taken to avoid areas of oblique section. Collected data were analysed using Student's t test. A significance level of P 0n05 was used to determine significance.

The vaginal epithelium of all the animals, whether control or hyperstimulated, was multilayered, but varied between groups as to the number of layers and to the degree of mucification. The thickness of the epithelium was greater in the 4n5 d experimental group (Fig. panel a) than in the corresponding control group (Fig. panel b) although not statistically significantly so (Table) . The thickness of the epithelium did not differ between the control and experimental groups on d 5n5 or 6n5. The number of layers in the epithelium was greater in the control animals at 4n5 d than in the hyperstimulated group (Table) but not significantly so. Mucification was a prominent feature of the epithelial cells of the hyperstimulated animals, particularly at d 4n5 of pregnancy (Fig. panel a) when the majority of the surface cells were Alcian blue positive indicating the presence mostly of acid mucins. Some of the surface cells were PAS-positive, indicating the presence of some neutral mucins. The number of animals showing a stratified squamous nonmucinous epithelium was higher, but not significantly so, in the 4n5 d control animals than in the hyperstimulated group at the same stage of pregnancy (Table) . The mitotic index was only statistically significantly higher in the 5n5 d control animals than in the corresponding hyperstimulated group (Table) . Numerous polymorphonuclear leucocytes were evident in the subepithelial stromal compartment of hyperstimulated animals at all stages studied when compared with the controls. 
4n5 5 8 p 0 n 7 6 n 9 p 1 n 0 0 n 04p0n01 0n08p0n02 0n02p0n01 0n01p0n01 2 (40 %) 4 (80 %) 5n5 6 6 n 3 p 0 n 05 6n5p2n0 0 n 07p0n03 0n07p0n01 0n03*p0n02 0n01*p0n01 3 (50 %) 4 (67 %) 6n5 6 7 n 6 p 1 n 8 6n0p2n6 0 n 05p0n02 0n05p0n01 0n01p0n004 0n01p0n01 3 (50 %) 4 (67 %) n, number of animals in each (control or hyperstimulated) group ; *, significant ; C, control ; E, hyperstimulated.

Observations in the present study on vaginal epithelium indicate that the alterations in the hormonal milieu known to occur from our previous studies (Kramer et al. 1990 ) had a mucification effect on the vaginal epithelium of hyperstimulated rats at d 4n5 of pregnancy with 80 % of the animals exhibiting mucification of the superficial layers. Although not statistically significant, there were fewer cell layers in the epithelium of the hyperstimulated rats on d 4n5, but the cells themselves were larger, i.e. the epithelium was thicker in hyperstimulated than control animals. It appears that hyperstimulation with exogenous hormones superimposed on the normal hormonal milieu reduced the number of mitotic figures and the layers of the epithelium in the 4n5 d hyperstimulated animals, but increased the height of the cells due to the large amount of mucin. Mucinous transformation of the superficial 2 or 3 layers occurs in late dioestrus and prooestrus during the normal oestrous cycle and is a unique feature in the mouse (Vrcic et al. 1991) . In ovariectomised mice oestrogen induces cells newly formed in the basal layer to differentiate into stratified squamous keratinising epithelium. Progesterone alone accelerates basal cell proliferation and produces mucification (Barker & Walker, 1966) . When both hormones are given in succession neither can do more than modify the appearance of the cells produced under the influence of the other hormone (Barker & Walker, 1966) . In hyperstimulated rats an elevated oestradiol level and altered progesterone : oestradiol ratio occurred before implantation (Kramer et al. 1990 ). The effect seen was, however, not one of keratinisation (as would be expected with high oestradiol levels) but rather one of mucification. Thus the differentiation of cells in the vagina as has been previously shown by Barker & Walker (1966) appears to be closely associated with the stage at which a cell is produced by mitosis and the hormone effective at that stage, and does not appear to be related to obvious cytoplasmic differentiation. Eddy & Walker (1969) , however, have shown that surface epithelial cells of the vagina of ovariectomised mice respond to oestrogen by becoming filled with mucous droplets. The intense stainability of the surface epithelial cells with the Alcian blue-PAS reaction in the 4n5 d hyperstimulated group in the present study and the accumulation of mucus, resulting in the increased thickness of the epithelium at this time may have been in response to high oestradiol levels. Oestradiol levels are statistically significantly higher in these hyperstimulated animals at d 2n5 and 4n5 of pregnancy (Kramer et al. 1990) . Allen et al. (1937) concluded that cell division in the vagina of the ovariectomised mouse commences in less than 9n5 h after injection of oestrone, reached a maximum rate at 37 h, and declined by 48 h. This may explain why a major difference in the mitotic index and the number of cell layers was not found between the hyperstimulated and control animals at 4n5 d as the oestradiol surge occurred from 1n5 to 4n5 d (Kramer et al. 1990 ). The major division of cells could have occurred prior to 4n5 d in the hyperstimulated animals and may have been precociously promoted by the high levels of oestradiol. In general the mitotic rate in the vagina of 4n5 and 5n5 d hyperstimulated animals appears to be depressed with respect to the corresponding control animals. This is statistically significant in the case of the 5n5 d hyperstimulated animals. A similar decrease in the mitotic activity in the surface epithelium and stromal cells of the uterus of the same animals has been reported (Kramer et al. 1990) .
Prolonged exposure to high levels of oestradiol and an altered progesterone : oestradiol ratio due to superovulation (hyperstimulation) with exogenous gonadotrophins in intact (nonovariectomised) animals may cause changes in the vagina as has been described here.
